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© Methods for controlling incontinence. 



© This invention relates to urinary incontinence devices 
and to methods of controlling incontinence. More particularly, 
this invention relates to disposable, generally elongate, plug 
or bullet-shaped, easily-removed urinary incontinence devices 
having a novel, body fluid absorbing, swellable means or 
zone to effectuate urethral blockage, thus minimizing or pre- 
venting incontinence. 

The method of this invention involves providing an elon- 

6^3 gate incontinence device at least a portion of which is a 

^conformable, body fluid absorbing, urethra-sized, swellable 
hydrogel, introducing the device into the male or female 

g urethra, permitting the gel to be exposed to body fluids and 
thereby to expand to provide a fluid restrictive fit with the 

^ walls of the urethra thereby preventing involuntary urination. 

^The device may be removed from the urethra when bladder 

@^ evacuation is desired. 
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This invention relates to methods for controlling incon- 
tinence and devices useful therefor. 

Voluntary control over the discharge of bladder con- 
tents has long been a serious and distressing problem for 
persons whose natural urethra! valve is no longer capable 
of completely controlling the outflow of urine from the blad- 
der for such reasons as advanced age, surgery, disease or 
malformation of the natural urethral valve. Persons with this 
probfem have attempted various means of control or correc- 
tion which have proved to be either uncomfortable, incon- 
venient, unsanitary, offensive and/or inadequate. 

One method of caring for involuntary bladder emissions 
consists of the incontinent person wearing a pad of absor- 
bent material in close proximity to the external opening of 
the urethra to absorb all the fluid that escapes past the 
malfunctioning natural urethral valve. This method is un- 
desirable in that the wearer is continually confronted with 
the embarrassment of having to wear a bulky pad of absor- 
bant material that can create skin irritations and offensive 
odors. A person thus equipped will of necessity feel unduly 
restricted in their activities since they must always be aware 
of the problems associated with urination, used pad removal 
and disposal, and pad replacement 

Another method of caring for involuntary urinary emis- 
sions has been for the incontinent person to wear a receiv- 
ing container attached to the leg or suspended from the 
waist and connected to the external opening of the urethra 
in such a manner as to allow the urine to flow by the force 
of gravity into the receiving container. Such, a device is 
disclosed by Snyder, U.S. Patent No. 3.44-7,536. Not only 
is such a device cumbersome, but it can be malodorous 
and has on occasion been known to spill or otherwise 
accidentiy discharge its contents. 

Neither of the foregoing methods is directed towards 
solving the underlying" problem of the incontinent person. 
Nor do they attempt to return the evacuation of bladder 
contents to the completely voluntary control of the afflicted 
person. 

Beliveau et al, U.S. Patent No. 3,372,694, proposed a 
device that is inserted up the urethra until a retainer portion 
resides inside the bladder and an appendage thereto or 
plug passes out of the bladder into the urethra such that the 
plug resides within the confines of the urethral sphincter 
muscle. The appendage or plug portion of their device that 
passes out through the urethral sphincter muscle is smaller 
in diameter than the internal diameter of the urethra but of 
sufficient diameter to form a fluid barrier when the urethral 
sphincter muscle is closed about it Their invention is adapt- 
able only for those persons who are able to partially close 
the urethral sphincter muscle sufficiently to completely re- 
strict the urethra when the plug is located within the con- 
fines of the muscle and thus overcome incontinence of 
urination. Their invention would not be usable in a person 
who was unable to exercise any form of voluntary control 
over the urethral sphincter muscle or in a person whose 
urethral sphincter muscle has been damaged by disease 
such that the plug portion would not complete the seal 
when acted upon by the muscle. Nor would it be operable 
in a person whose urethral sphincter muscle has been 
surgically removed for one reason or another. 

The device and method of the present invention does 
not require the use of any external appliances as disclosed 
by Snyder or the adaption of other voluntary muscles to the 
task of supplying motive power to a urethral closure device 
located externally of the urethra as disclosed by Berry, U.S. 
Patent No. 3,066,667. 



U.S. Patent No. 4,480,642 to Vladimir A. Stoy et al 
entitled "Dilation Device for the Cervix" relates to a cervical 
canal swelling device having an essentially cytindricaify 
shaped stem formed in major portion thereof of a dehy- 

5 drated hydrogel of a certain swelling capacity and enforced 
uniaxial deformation. The cervical dilator of Stoy et al is 
intended to overcome the disadvantages of cervical dilators 
made of natural materials. Moreover, in contrast with the 
presention invention, Stoy et ai contemplate the implemen- 

to tation of a dehydrated or dried hydrogel in their cervical 
dilator. 

The present invention assists the urethral sphincter 
muscle in effecting urethra closure and utilizes only the 
normal muscles used in urination to create sufficient pres- 
75 sure upon the bladder contents. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect therefore, the present invention provides 

20 a female urinary incontinence device or urethral plug which 
is generally elongate, cylindrical or bullet-shaped. The de- 
vice of this invention is generally of urethral diameter and is, 
therefore, substantially longer than it is wide. At least a 
portion of the present device comprises a hydrophiiic, body 

25 fluid sweHable hydrogen most desirably comprising, before 
fluid absorption, at least about 40% by weight water which, 
after insertion into the urethra and exposure to body fluids, 
e.g. urine or mucous, controllably swells or expands to 
cooperate with the walls of the urethra to provide a soft, 

30 comfortable, conformable, flexible, non-irritating fluid restric- 
tive fit thereby controlling involuntary urination or incon- 
tinence. Such a portion of hydrogel is preferably arranged 
annulariy around the plug. 

In a preferred embodiment the present device includes 

35 removal means which enable convenient removal of the 
device from the urethra when bladder evacuation is desired 
and stopper means to prevent the device from entering the 
bladder, in yet another embodiment of this invention, the 
preferred device includes a flexible cuff or flap which is 

40 preferably disposed adjacent the 2one of the hydrophiiic 
swellable gel and, prior to insertion of the device, overlies or 
surrounds .at least a portion of the gel in a first position 
along the body of the device. After the device is inserted 
into the urethra e.g., by means of an applicator, the cuff is 

45 released from its first position and opens to a second 
position angularly disposed with respect to the axis of the 
device to provide further restriction to bladder entry and 
additional fluid retention. The cuff may be intentionally con- 
structed so that it has a tendency to spring from its first 

so position to its second position. Alternatively it may be con- 
structed so that it moves or opens more slowly to its 
second position as the hydrogel expands with the uptake of 
body fluids. 

In another aspect, the present invention provides a 
55 method for controlling urinary incontinence comprising the 
steps of Introducing into the urethra, preferably to about the 
mid segment or mid region of the urethra, a urinary incon- 
tinence device of the invention, permitting the fluid swellable 
gel to be exposed to body fluids and thereby to expand 
60 controllably to provide a substantially fluid restrictive fit with 
the walls of the urethra and thereby prevent involuntary 
external urination. The device may be removed from the 
urethra when voluntary bladder evacuation is desired. In a 
preferred practice of this method, female urinary incon- 
65 tinence is controlled. In another practice of this invention, a 
device, at least a portion of which comprises a body fluid 



BNSDOCID: <EP 01 93406A2_I_> 



0 1 93 406 



# 



swellable gel, comprising about 40% by weight water, is 
inserted into the male urinary tract, e.g., the penis. The 
device is permitted to absorb body fluid, e.g., urine, and 
thereby to expand controllabiy to provide a restrictive fit with 
the walls of the penile urethra. When the wearer feels the 
need to urinate, the flexible, compressible device is re- 
moved, and voluntary urination proceeds. 

Aspects of the invention may be more readily under- 
stood by reference to the attached drawings which are by 
way of example only and wherein like features are des- 
ignated by like numerals throughout 

In the drawings, 

Fig. 1 is a perspective view of a device of the present 
invention in its applicator prior to insertion; 

Fig. 2 is a cross-sectional view of one embodiment of the 
device of the present invention; 

Fig. 3 is a cross-sectional view of a second embodiment of 
the device of the present invention; 

Fig. 4 is a sectioned view of the embodiment of the present 
invention depicted in Fig. 3 taken along line 4-4; 

Fig. 5a is a cross-sectional view of the embodiment of the 
invention depicted in Fig. 3 taken along 5-5 before swelling 
of the hydrogel; 

Fig. 5b is a cross-sectional view of the device depicted in 
Fig. 3 taken. along line 5-5 after swelling of the hydrogel; 

Fig. 6 is a cross-sectional view of another embodiment of 
the device of the present invention; 

Fig. 7 is a cross-sectional view of yet a further embodiment 
of the device of the present invention; 

Fig. 8 is a cross-sectional view of the embodiment of the 
invention depicted in Fig. 7 taken along line 8-8; 

Figs. 9a and 9b are sectioned view of the embodiment of 
the invention depicted in Fig. 7 taken along line 9-9,- 9b 
indicating the change in cross-section by virtue of the 
uptake of fluid by the swellable gel. 

Fig. 10 is a sectioned view of the applicator assembly and 
device pictured in Fig. 1 . 



DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a perspective view of an embodiment of an 
incontinence device of the invention inside an applicator 2. 
Several embodiments of the device are more completely 
described below. 

Referring now in particular to Figs. 2, 3, 6 and 7, there 
is shown the generally elongate, cylindrical, bullet-shaped 
incontinence device or plug 10 of the invention. As in- 
dicated above, at least a portion of the device 10 comprises 
a body fluid swellable, hydrophilic gel (hydrogel) 12 com- 
prising, before swelling upon exposure to body fluid, at least 
about 40% by weight water up to a maximum of about 80 
weight percent water. In a preferred practice, the hydrogel 
employed herein comprises at least about 50 weight per- 
cent water. It is within the contemplation of this invention 
that the entire device comprise such a gel. In a preferred 



practice of this invention, plug 10 includes a non-swellable, 
flexible, elastomeric core 14 along which there is disposed 
the cylindrical zone or region of body fluid swellable hydro- 
philic ge! 12. 

5 The device 10 optionally includes a removal means, 

which in this depiction, comprises a bulb 16 and, for pur- 
poses of emergency removal, an optional string 1 8 disposed 
about the neck 19 of the bulb 16. Bulb 16, as shown, has 
flattened sides 17 which permit the device to be more easily 

10 ejected from the urethral insertion tube discussed below. 
Bulb 16 could be substantially spherical or other suitable 
shape. Removal means 16, 18 is intended to be manually 
employed, and therefore bulb 16 is merely one possible 
embodiment of a number of possible structures which could 

75 provide a convenient grip for removal of the device from the 
urethra with the fingers. 

As is most clearly illustrated in Fig. 4, this embodiment 
of the invention includes a stopper means 20 which com- 
prises radially disposed, kidney-shaped or hemispherical 

20 flanges 22 located on opposite sides of the device. The two 
flanges 22, as shown, provide a figure "8" stop. Radial 
flanges 22 of the figure "8" stop are intended to cooperate 
with the external meatus of the urethra to prevent the 
device from migrating into the bladder and thus are fairly 

25 longitudinally rigid. The embodiments of the invention de- 
picted in Figs. 3 and 7 also indicate the presence of a 
preferred flap 24. Flap 24 is longitudinally flexible and 
intended to have a first position substantially axially dis- 
posed adjacent the shaft of the device and parallel to the 

30 axis of the device shown by line 26-26 (it is depicted in 
phantom 24' in Figs. 3 and 7). Flap 24 has a second 
position angularly disposed with respect to the axis 26 of 
the device. As is most clearly seen in Figs. 5a and 5b, flap 
24 is umbrella-like, extending (in this embodiment) radially 

35 360° about the shaft or body of the device. While the 
precise angle, between flap 24 and the axis 26 of the device 
is not critical, it should generally fall in the range of about 
10° -60°, preferably about 30° -50° and most preferably 
about 45°. In the embodiment of Fig. 5a, flap 24* is shown 

40 with overlapping folded sections 27. In the embodiment of 
Fig. 9a, the flap is comprised of a plurality of fluted gussets 
29. As is shown in Figs. 2, 3, 6 and 7, the device has a 
tapered end portion 28 to permit ease of insertion into the 
urethral tract 

45 Figs. 5a and 9a illustrate flap 24* disposed in a first 

position adjacent and overlapping unswollen hydrogel 12 in 
its first position (e.g., as the device would appear in the 
applicator before insertion). Figs. 5b and 9b depict flap 24 
in a second, angularly disposed position, such as it would 

50 appear after insertion into the urethra and the applicator 
withdrawn. Figs. 5b and 9b also show the hydrogel 12' in 
its swollen or fluid-absorbed state. To be effective and 
comfortably cooperate with the urethral tract, the hydrogel 
12, 12' should desirably swell approximately 10% to 100% 

55 of its original diameter to assist in the prevention of incon- 
tinence. The comfort of the patient determines the extent of 
swell to be utilized. As is more clearly explained below, the 
extent of swell is controllable by means of selection of the 
gel chemistry, the length of time to which the gel is exposed 

60 to body fluids and the pressure exerted on the device by 
the surrounding urethral tissue. 

Figs. 6-9b illustrate another embodiment of the inven- 
tion wherein fluid swellable get 12 is held adjacent central 
core 14 by gel retention means 30. In this embodiment, gel 

65 retention means 30 comprise radial ribs. Other gel retention 
means which tend to anchor the gel 1 2 adjacent the elon- 
gate body of the device will be obvious to one skilled in the 
art 
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Fig. lis a perspective view of an incontinence device 
of the invention 10 located within an applicator 2. As 
shown, applicator 2 includes an exterior introducer sleeve 4, 
an interior insert tube 6 which abuts bulb 16 and the back 
side of the two flanges 22 of the figure "8" stop of the 
device 10. introducer sleeve 4 has a tapered end 32 which 
is adapted for urethral insertion to about the mid region of 
the urethra. On the end of the introducer opposite the 
tapered end 32 is a grip means 33. e.g., a plurality of 
ridges or rings. On the tapered end of the introducer 32, 
there is a longitudinal slit or opening 34 which has a first 
narrower width on its portion which intersects the tapered 
end 32 of the applicator 2 and a wider slit portion 34' which 
permits the exterior introducer sleeve 4 to be withdrawn 
from around the device 10 by means insert tube 6. During 
insertion, the thumb is held against insert tube 6 and the 
fingers are placed around grip rings 33. The device in the 
applicator 2 is then inserted into the urethra After insertion 
of the applicator 2 into the urethra, the insert tube 6 is held 
substantially stationary, and the exterior introducer sleeve 4 
is withdrawn from around the incontinence device in the 
direction of arrow 37. This causes the device 10 to be 
ejected from the applicator 2 with the two tapered end 
portions 32 of the applicator 2 separated at slit 34 opening 
in the direction indicated by arrows 38. In this manner, 



70 



75 



20 



25 



minimal forward thrust is applied to the device thus reducing 
the likelihood that the device would be inserted too far into 
the urethral tract It is to be noted that arrow slit portion 34 
and wider sift portion 34' are connected by means of an 
angular (i.e., "V" shaped) slit 34". The angle of the "V" 
shaped slit determines the rapidity with which tapered por- 
tions of the applicator 32 are separated during delivery of 
the incontinence device. Thus the angle with respect to the 
axis of the device (and the applicator) at which wide slit 
portion 34" is blended to narrow slit portion 34 may deter- 
mine the comfort with which the device is inserted. 

After the incontinence device 10 is delivered from the 
applicator 2 into the urethra, optional flap 24, being flexible, 
tends to open up from its first position 24* to its second 
position 24. (as shown in Figs. 3 and 7). At this point, the 
swellable gel 12 begins to absorb body fluid and expand. 
Within a time period as short as 5 to 10 minutes, the gel 12 
will have expanded to 5% -20% of its original diameter and, 
in cooperation with optional flap 24 will provide enhanced 
control of urinary incontinence, it should be noted that the 
force of the swelling hydrogel 12 could be used to unfold 
flap 24 from its first to its second position. As a function of 
time, the change in outside diameter of the device at 37 °C 
in deionized water of a typical hydrogel would be as follows: 



Time, Min. 
5 
10 
30 
60 
240 



% Change in Outside D ia meter 

3- 25 

4- 32 
10-48 
20-62 
45-116 



Fig. 10 is a cross-section view of the assembly shown 
in perspective in Fig. i. In Fig. 10, applicator 2 is shown to 
comprise exterior introducer sleeve for an interior insert tube 
6. Also shown is the tapered end 32 of introducer sleeve 4 45 
which -is adapted for urethral insertion. Grip means 33 (e.g., 
ridges or rings) are also shown. Of particular note in Fig. 10 
is optional stop or insert tube stop 40. During insertion of 
the device into the urethra, it is particutarfy important that 
the device be deposited at the desired point of insertion 50 
without being thrust further up the urethral canal. Stop 40 
prevents the use of insert tube 6 to force the device 10 
further up the urethral canal during insertion. This is accom- 
plished when interior insert tube 6 abuts stop 40 at intersec- 
tion 42. From that point on during the insertion process, 55 
exterior introducer sleeve 4 is basically withdrawn from" 
around the incontinence device 10. Thus the tendency for 
the device to be thrust or driven further up the urethral 
canal is restricted. 

As discussed above, the device of the present inven- 60 
tion contemplates, in a preferred embodiment, a zone or 
region of a hydrophiiic controllably swellable gel. The gel 
utilized in the present invention must be controllably swel- 
lable so that when exposed to urethral bodily fluid, it does 
not expand to the point where the resulting pressure on the 65 
urethra causes pain or other unnecessary discomfort Fur- 
ther, the gel of the present invention should desirably swell 
fairly quickly so that incontinence is actively controlled. 



Lastly, the composition in the present invention must be 
flexible for comfort, stable in the bodily fluids to which they 
are exposed and capable of being sufficiently compliant so 
that when it is desired to evacuate the bladder, the incon- 
tinence device can be safely removed without injury to 
sensitive internal body passages. These characteristics 
have been found in hydrogels of various hydrogel con- 
centration (i.e., solids content) but which generally contain 
at least about 40% by weight water and preferably contain 
at least about 50% by weight water. 

With the above constraints, there are likely to be many 
possible controllably swellable compositions which could be 
employed in the present invention, A preferred composition 
for utilization herein generairy comprises a copolymer of 
acryiamide (AA), the sodium salt of 2-acrylamido-2-methyI 
propanesuifonic acid (NaAMPS) and N,N f - 
methylenebisacrylamide (MBA) crosslinker. 

While N.N'-methylenebisacryiamide is a preferred cros- 
slinker for utilization in the gel, other crosslinkers include 
N.fsT hexamethylenebisacrylamide, N.N'-diaJfyttartardiamide, 
2, 2-bis(acryiamido)-propane sulfonic acid, or an olefinic 
agarose derivative polyacryfamide gel crosslinker, commer- 
cially available from FMC Corp. under the trade designation 
AcrylAid". 



4 
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The fluid-swellable material may be produced by mixing 
the desired amounts of the monomers with a suitable cata- 
lyst such as ammonium persulfate and distilled water. The 
entire mixture of monomers, catalyst and water then is 
heated to a temperature of approximately 50 °C to effect 
polymerization. Illustrative composition ranges of a preferred 
swellabie gel are as follows: 

Constituent 

Aery lam id e (AA) 

NaAMPS 

MBA 

Catalyst 

Water, distilled 



It is likely that the individual materials of a preferred 
composition discussed above would be commercially avail- 
able from a number of chemical companies. However, the 
particular materials employed were AA available from East- 
man Kodak Company, NaAMPS commercially available 
from Lubrizol Chemical Company under the trade designa- 
tion "Lubrizol 2405" (a 50:50 solution in water of the 
sodium salt of the AMPS monomer). MBA commercially 
available from Aldrich Chemical Company and ammonium 
persulfate catalyst, aJso commercially available from Aldrich 
Chemical Company. In instances where the AMPS sodium 
salt (Lubrizol 2405) is employed, a 50% aqueous solution 
was neutralized to a pH of about 7 using AMPS acid 
powder (Lubrizol 2404) prior to polymerization of the hydro- 
- philic gel. 

Alternative to the above-described hydrophific gels, it is 
within the contemplation of the present invention that an 
interpenetrating polymer network (IPN) be employed based 
upon crosslinked poiyacrylamide or 

polyacrylamide/NaAMPS copolymer systems. IPN's would 
generally employ one or more of the following polymer 
swelling agents: Rheothik 80-1 1S (the sodium salt of the 
AMPS polymer), Good-rite K-732 polyacrylic acid, Good- 
rite K-732 sodium polyacrylate or polyethylene glycol. Such 
IPN systems may also contain polar non-polymeric swelling 
agents such as glycerol or sorbitol. An interpenetrating 



Ingredient 
PVA 

Rheothik ( Na) 

Sorbitol 

Glycerol 

Water, distilled 
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s 



Composition Range, Wt$ 
20-50 
0-20 

0.0-0,016 
0.04-0o08 
Balance 

20 



polymer network is to be distinguished from the above 
described copolymer produced from three separate mon- 

25 omers in that polymerization is carried out within an already 
established polymer network. 

Another class of materials which appear to be operable 
in the present invention includes thermally processable gels 
based upon polyvinyl alcohol (PVA). Illustrative of this vari- 

30 ety of body-fluid absorptive or swellabie material is a com- 
position having about 16-20% PVA, about 10-30% by 
weight polar plasticizer, about 1-6% by weight sodium 
Rheothik 80-1 IS and the remainder distilled water. Exam- 
ples of polar plasticizers, as above, include glycerol, sor- 

35 bitol, polyethylene glycol (molecular weight 200-600) alone 
or rn combination. Additional hydrophilic polymers included 
Rheothik 80-1 1S (Henkel Company), hydroxypropyl guar 
commercially available from Henkel Company under the 
trade designation Galactosol starch graft polymer (SGP) 

40 also commercially available from Biosorb and other hy- 
drocolloid gums and resins well known to one skilled in this 
art. It is believed that the basic characteristics of the ma- 
terial have been adequately described. Any material having 
the requisite properties of being capable of swelling, resist- 

4S ing dissolution and in body fluid, having the requisite liquid 
content, and having sufficient cohesive strength so as not to 
be unstable in the environments contemplated is within the 
teaching of the present invention. A specific PVA-based 
hydrophilic gel contemplated by the present invention would 

50 have the following composition: 



% By Weight 
18 
2 
10 
15 
55 

65 
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In a preferred embodiment of the present invention, the 
female urinary incontinence device has a zone or region, 
generally annular, of the one of the above-discussed 
hydrogels, disposed on a non-swellable, flexible,. elastomeric 
core 14. Many moldable, soft, flexible, elastomeric materials 5 
may be utilized in core 14. However, particularly preferred 
materials include C-Ftex 35A, C-Flex 35A-radiopaque - 
(BaS0 4 ), Silastic Q7-4840 A/B Medical Grade Liquid Sili- 
cone Rubber (Dow Coming), Kraton G-7705, Kraton D- 
3226 and Kraton D-2T04 (Shell Chemical Company) jo 
Silastic Q7-4635 and Silastic 07-4735 medical grade ETR 
elastomers. The * C-Rex" materials which are available 
from Concept Polymer Technologies, Inc. in Clearwater, 
Rorida are hydrocarbon block copolymers with dispersed 
polysiloxane, cf f U.S. Patent No. 4,386,179. The "C-Rex" 75 
materials have different numerals indicating the hardness of 
the various blends. Radiopaque versions of the "C-Rex" 
35A, 50A and 70A are commercially available from Con- 
cept Polymer Technologies, Inc. Radiopacity is a desirable 
preferred attribute of a material employed in the elastomeric 20 
core so that should it be necessary, x-rays could be used to 
locate the device. "Kraton" materials are 
styrene/ethylene/butylene/styrene block copolymers com- 
mercially available from Shell Chemicals. The Kraton and 
C-Ffex materials are thermoplastic elastomers while the 25 
Silastic "materials" are thermoset (i.e., crosslinked) poly- 
mers. Thus it is within the contemplation of this invention 
that both thermoset and thermoplastic core materials be 
employed. One of ordinary skill in the requisite art will 
recognize that there are many materials which exhibit a 30 



surtabte balance of the mechanical properties of softness, 
compliance, flexibility, amenability to blending radiopaque 
additives and adequate toughness and strength for device 
removal. 

The present invention will now be further illustrated by 
means of several examples which should be understood not 
to be limiting. 

Table I presents Examples 1-4 which are four specific 
examples of hydrogel formulations synthesized in accor- 
dance with conventional free radical polymerization tech- 
niques. Examples 1 and 2 represent standard MBA cros- 
slinked poIyacryiamide/NaAMPS copolymer hydrogel sys- 
tems, whereas Examples 3 and 4 illustrate interpenetrating 
polymer network (IPN) systems also based on MBA cros- 
slinked polyacryiarnide/NaAMPS. The polymerization of IPN 
hydrogel systems are carried out in the same manner as 
non-IPN hydrogel systems. In the later Examples (3 and 4), 
the IPN systems are provided by the hydrophilic NaAMPS 
polymer (Rheothik 80-1 IS). When synthesizing these 
hydrogels, care should desirably be taken to eliminate oxy- 
gen as much as possible by either purging with nitrogen (or 
other inert gas) or degassing under vacuum. Careful contror 
of temperatures in the mixing vessel and molds are main- 
tained during the procedure, as well as control over the 
solution pH (6.0-8.0), dissolved oxygen content (£1 ppm) 
and level of vacuum (£5mm Hg pressure). Oxygen should 
most desirably be excluded from the system in order to 
achieve a hydrogel system of sufficiently high molecular 
weight and low residual monomer content High polymer 
molecular weight and low residual monomer content (i.e., a 
high degree of polymerization) are necessary to produce 
material with adequate resistance to gamma radiation en- 
countered during the preferred step of device sterilization. 



40 



45 



50 



55 



60 



65 
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TABLE I. 
H YDROGEL FORMULATIONS 



Constituent 
AA 



Description 
Monomer 



37.7 



Composition 
(Weight Percent) 
Example 
2 3 ( I PN ) 4(IPN) 

35.7 35.6 33o6 



NaAMPS* Monomer 
(Lubrizol 2405/ 
Lubr i zol ) 



2.50 



4.96 



4.96 



7.40 



MBA 



Monomer/Cross- 0.005 0.005 0.005 0.005 
linker 



NaAMPS Polymer Hydrophilic 
(Rheothik polymer for 

80-llS/Henkel ) interpenetra- 
ting network 



0 o 30 0.30 



Ammonium 
Persul fate 



Catalyst 



0.04 0.04 0.04 0.04 



Water , 
distilled 



Solvent 



Balance Balance Balance' Balance 



*Lubrizol 2405, a 50:50 solution of NaAMPS monomer in 
water, was pre-neutralized to a pH of 7.05 with Lubrizol 
2404 powder prior to formulating. Lubrizol 2404 is the 
acid version of the AMPS monomer. 



The polymerization procedure for synthesizing approxi- 
mately 400 grams of the hydroget formulations in Examples 
1 -4 was as follows: 

A 40 weight percent acrylamide (AA) solution was 
prepared by dissolving 152 grams of AA powder in 228 
grams of distilled water. To this solution, 20 grams of 
NaAMPS solution (Lubrizol 2405 solution pre-neutralized to 
a pH of 7.05 with Lubrizol 2404 acid AMPS monomer) and 
1.3 ml of a 1.6 weight percent MBA solution in distilled 
water. This solution was transferred into a 1 I reaction kettle 
(resin kettle) which was equipped with a magnetic stir bar, 
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thermometer, vacuum and nitrogen ports and a pressure 
equalizing addition funnel for adding catalyst solution. The 
resin kettle was seated in a heating mantle equipped with a 
thermosensor temperature controller for precise temperature 
control. The reaction kettle was connected to a line of 
molds connected in series using silicone rubber tubing. This 
moid line was equipped with a peristaltic pump for transfer- 
ring the catalyzed monomer solution to the molds, a vacu- 
um gauge (Sargant-Welch Tube Model 1515A) and a dry 
ice moisture trap. 
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A fresh 8 weight percent catalyst solution of (NH 4 )- 
2S,0 8 in distilled water was prepared. A 2.0 ml aliquote of 
the catalyst solution was transferred into the pressure 
equalizing addition funnel which was connected to the cover 
of the reaction kettle. The monomer and catalyst solutions 
were evacuated/degassed separately for about 20 minutes. 
The system pressure (i.e., reaction kettle, connecting tubes 
and molds) at that time was 2.0 mm Hg. The 
evacuated/degassed catalyst solution was drained into the 
evacuated/degassed monomer solution with continuous mix- 
ing. After mixing 2-3 minutes, the vacuum was turned off, 
and the resin kettle, molds and connecting lines were blan- 
keted with nitrogen and the catalyzed monomer solution 
pumped into the molds. For hydrogel characterization stud- 
ies, these molds consisted of glass tubes 0.200 and/or 
0.237 inches in diameter. When all the molds were filled, 
they were sealed off and placed in a water bath for 60 
minutes to effect the polymerization reaction (cure). The 
temperature of the water bath while curing was 48-52° C. 
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The temperature of the reaction kettle was maintained 
at 15±1°C while the monomer solution was being mixed 
and evacuated. The pH of the catalyzed monomer solution 
was 6.59 (determined by an Orion Model 61 OA digital 
meter equipped with an Orion combination pH 91-05 
probe). The dissolved oxygen content of the catalyzed mon- 
omer solution after evacuation/degassing was 0.6 ppm - 
(determined by a YSI Model 54A Oxygen Meter/Probe). 

Upon removal from glass tubular molds, the resulting 
cylindrical hydrogels were characterized before and after 
gamma sterilization at irrigation dosages of 2.5-3.5 Mrad. 
Table II presents typical swell properties for the hydrogel 
formulations in Examples 1, 2, 3 and 4 carried out on 
cylindrical test specimens 0.237 inch diameter by 0.25 inch 
length. Table III presents typical mechanical properties of 
the hydrogel formulations in Examples 1 , 2, 3 and 4. 
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TABLE II. 

TYPICAL SWELL PROPERTIES OF HYDROGEL 
CYLINDRICAL TEST SPECIMENS IN DE-IONIZED 
WATER AT 37°C* 



Formulat ion 
Example 1 



Test 
Cond i t ion ** 
Control 



Immersion Time (Minutes) 



Change In 
P.P. y ft Wt . , % 



9.4 



30 

Change In 
OoP, , % wt. , 



35.3 28o8 



110 



Gamma. 

S ter i 1 i zed 



13,9 39,8 32o7 109 



Example 2 



Control 



15«0 55o3 41«4 176 



Gamma 

Ster i 1 i zed 



22.0 58o0 50o4 194 



Example 3 



Control 



Gamma 

Sterilized 



22o6 



57.3 43o7 175 



Example 4 



Control 



Gamma 

Sterilized 



24.5 75.7 55o5 237 



*Test specimen size 0.237 inch diameter X 0.25 inch 
length. 



it it 



Gamma sterilization was carried out at dosages of 
2.5-3.5 Mrad. 
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TABLE II. Cont. 
TYPICAL SWELL PROPERTIES OF HYDROGEL 
CYLINDRICAL TEST SPECIMENS IN DE-IONIZED 
WATER AT 37*C* 



Formulation 
Example 1 



Test 
Cond i t ion ** 
Control 



Immersion Time (Minutes) 
60 240 
Change In 'Change In 



O.D«,% Wt.,% O.D.,% Wt.,% 
40 -5 219 69.9 469 



Gamma 

Sterilized 



41.4 162 



66.8 354 



Example 2 



Control 



57.2 290 



86.2 674 



Gamma 

Sterilized 



65.4 290 



105 



754 



Example 3 



Control 



Gamma 

Sterilized 



65.0 282 104 780 



Example 4 



Control 



Gamma 

Sterilized 



65.0 368 123 1020 



*Test specimen size 0.237 inch diameter X 0.25 inch 
length. 



**Gamma sterilization was carried out at 
2.5-3.5 Mrad. 



dosages of 
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TABLE III. 
TYPICAL MECHANICAL PROPERTIES OF 

HYDRQGEL CYLINDRICAL TEST 
SPECIMENS AT AMBIENT CONDITIONS 
(CROSS-HEAD SPEED 5 INCHES/MINUTE) 



Formulation 



Example 1 



Test 

Condit ion* ( psi ) 



Ultimate 
Tensile 

Strength Elonga- 



Control 



30.8 



Secant Modulus 
Ultimate at 100$ 

Elongation 
tion(M (pal ) 



1500 



10 o 6 



Gamma 22 „ 9 

Steril ized 



380 



llo2 



Example 2 



Control 



32,3 1400 



8.0 



Gamma 13.2 
Steril ized 



220 



8 0 4 



Example 3 



Control 



28.1 1560 



8 0 3 



Gamma 24 . 7 

Sterilized 



400 



10o3 



Example 4 



Control 



29,0 . 1330 



7,6 



Gamma 14*3 
Sterilized 



254 



8c9 



*Gamma sterilization was carried out at dosages o£ 2.5-3.5 
Mrad. Teat specimens were cylindrical gels 0.200 inches 
in diameter x 2 inches in length (gauge length 1.0 
inches ) . 
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EXAMPLES 5-6 
Other IPN formulations contemplated include; 

Compositional 

Constituent Description Range (Weight %) 

I. NaAMPS IPN Polymer Systems With 
Higher Levels of NaAMPS AND Rheothik" 
^ Monomer 20-50 

NaAMPS Monomer 1.0— 15.0 

MBA Crosslinker 0.0-0.016 

Rheothik 80-11S NaAMPS Polymer for 0.10-5.0 

interpenetrating 
network 

Ammonium persulfate Catalyst 0,04-0.08 
Water, distilled Solvent Balance 

and 

II. Acrylic Acid IPN Polymer Systems 

AA Monomer? 20-50 

NaAMPS Monomer 1.0-15.0 

MBA Crosslinker 0.0-0.0L6 

Acrylic Acid* Polymer .for 0.10-20.0 
Polymer interpenetrating 

network 

Ammonium persulfate Catalyst 0.04-r08 

Water, distilled Solvent Balance 

*Good-rite K-732 polyacrylic acid (50% total solids 

solution) - B.P. Goodrich 

Good-rite K-739 sodium polyacrylate powder - B.P. 
Goodrich 
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Hydrogels synthesized according to Examples 1 -4 were 
disposed about an incontinence device as depicted in one 
of Figs, a and 6. The length of the incontinence device from 
its tapered end 28 to the flat portion of the stopper 20 was 
approximate^ 1.85 cm (0.73 inches). The diameter of the 



device and the approximate outside diameter of the gel was 
6.6 mm (0.260 inches). While only a particular set of 
dimensions has been described, it is expected that in the 
practice of the present invention, a physician will have 
available a range of devices having various outside diam- 
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eters to be fit the diameter of the particular patient's urethra. 
Contemplated sizes range from diameters of 4.6 mm (0.180 
inches) to 6.6 mm (0.260 inches). Of great importance in 
the construction of the device is the distance from stopper 
means 20 to the hydrogel 12. This distance is determined 
by the length of the patient's urethra, as well as the urethral 
anatomical structure (i.e., shape, mechanical properties of 
urethral tissue and surrounding tissue external to the ure- 
thra). The device should be inserted to a site where it is 
securely placed within the urethra beyond the relatively 
non-distensible tissue in the region of the meatus, but not 
so far up the urethra that it may enter the bladder creating 
conditions favorable for infections and making its removal 
difficult. This dimension, i.e., the dimension from the face of 
stopper 20 to the edge of hydrogel 12, generally should fall 
In the range of approximately 2-5mm (0.079 -0.197 inches). 
With the above understanding of the constraints which must 
be met, some amount of fitting of this distance may be 
necessary. 

One of ordinary skill in the female urinary incontinence 
device art will recognize there are many possible variations 
and alternative embodiments of the present invention. 
These alternative embodiments are to be included within the 
scope of the present invention as set forth in the claims 
which follow. 

Claims 



1. An incontinence device (10) adapted for insertion into 
and, when desired, removal from a urethra which includes a 
portion of hydrophilic, body fluid-swellabie hydrogel (12) of 
substantially urethral dimensions which, when the device is 
inserted in use into and exposed to fluids in the urethral 
tract is adapted to swell to provide a restrictive fit against 
the walls of the urethral tract thereby inhibiting or controlling 
incontinence. 

2. A device as claimed in claim 1 wherein the hydrophilic 
gel comprises at least about 40% by weight water. 

3. A device as claimed in claim 1 or claim 2 wherein the 
entire device comprises body fluid swellable, hydrophilic gel. 

4. A device as claimed in claim i or claim 2 wherein the 
device includes a substantially non-swellable, flexible core - 
(14) having disposed thereabout a zone of the hydrophilic 
gel. 

5. A device as claimed in claim 4 wherein the hydrogel 
zone is a belt circumferentially disposed about the core. 

6. A device as claimed in any of claims 1 to 5 which further 
includes stopper means (20) adjacent one end thereof to 
prevent insertion of the device into the bladder. 

7. A device as claimed in claim 6 wherein the stopper 
means (20) and the swellable gel portion (12) are located 



adjacent opposite ends of the device. 

8. A device as claimed in any of claims 4 to 7 wherein the 
core includes a tapered end (28) adapted to permit insertion 

5 of the device (10) into the urethra, the opposite end thereof 
including removal means (33) to permit manual removal of 
the device from the urethra, the hydrogel being circumferen- 
tially disposed about the core (14) between the tapered end 
and the removal means. 

10 

9. A device as claimed in any of claims 1 to 8 wherein the 
hydrophilic gel comprises 



75 a) at least about 40% by weight water; 

b) 20-50 weight percent polyacrylamide; 

c) 0-20% by weight sodium salt of 2-acrylamido-2-methyl 
20 propanesulfonic acid; and 

d) a crosslinker. 



25 1 o. A device as claimed in any of claims 1 to 8 wherein the 
hydrogel comprises an interpenetrating polymer network - 
(IPN) including polyacrylamide and a polymer swelling 
agent 

30 1 1 . A device as claimed in any of clams 1 to 8 wherein the 
hydrophilic gel comprises a thermally processable polyvinyl 
alcohol-based polymer. 

12. A device as claimed in claim 1 1 wherein the polyvinyl 
35 alcohol-based polymer comprises 



a) from 1 6-20% by weight polyvinyl alcohol; 

40 b) from 10-30% by weight polar plasticizer; and 

c) from 1-6% by weight of the sodium salt of poly-2- 
acrylamido-2-methyl propanesulfonic acid. 

45 

13. A method of controlling urinary incontinence which 
comprises 

introducing intro the urethra a urinary incontinence device 
50 as defined in any of claims i to 12, and permitting the gel 
to be exposed to body fluids and thereby to expand to 
provide a substantially fluid restrictive fit with the walls of 
the urethra thereby restricting or preventing incontinence. 

55 14. A method as claimed in claim 13 wherein the device is 
introduced to approximately the mid-region of the urethra. 
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